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REMARKS 

Claims 7, 8, 9, 15, 16, 24, 27, 51, 60, 65, 67 and 68 have 

been amended to obviate : the rejection thereof under 35 U.S.C. 112, 

I 

second paragraph. Claim 36-38 have been cancelled. 



Claims 1-3, 5, 6, 
39, 51 and 59-68 of 
U.S.C. 103(a) as being: 



9, 12, 15, 17, 18, 22-26, 28-31, 33, 35, 
the application remain rejected under 35 
unpatentable over the combination of the 

Siegmund, Allred and Rurtzer references. Dependent claims have 

l 

been rejected in combination of these references with the Woodard, 
Eastman, Strack, or Kishi references. 

Applicants respectfully traverse the rejection of the claims 
and note the following! for consideration. The invention relates 
primarily to a small idiameter endoscope for use in orthopedic 
imaging. The independent claims have been amended to clarify the 
use of a concentric illumination channel or waveguide that can be 

t 

detached from the handle using a connector mechanism. 

i 

With respect to jSiegmund, the Applicants acknowledge that 

there is no explicit description of the dimensions of the device 

j 

described therein. However, there is also no indication that the 
Siegmund device is anything but a device of conventional length 
and diameter. Siegmund incorporates U.S. Patent No. 5,122,650 by 

-13- 
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reference which notes at Col. 6, lines 4-9, that smaller lens are 
more difficult to manufacture and that the smallest diameter is 3 
mm at Col. 6, line 40. 1 Moreover, Siegmund expressly states at 
Col. 1, line 68, that kis invention provides an endoscope "with 
comparable lengths and riesolving capabilities" of the prior art. 

The references relied upon to disclose the claimed diameter 
such as Yoshida and Allred are specialized devices for dental or 
eye surgery applications in which there is no disposable 
component. Thus, Applicants have invented a small diameter 
endoscope for diagnostic orthopedic imaging having a disposable 
component. The length of the probe is now recited in Claim 1 (see 
page 16, line 2 of th4 application) to better distinguish over 
Siegmund Thus, it would! not be obvious to successfully reduce the 
diameter of the componehts needed to provide a suitable image for 
orthopedic endoscopy at reasonable cost utilizing a disposable 
component . [ 

There is simply no teaching in Yoshida, Allred or the other 
references to add the| features of the conventional system in 
Siegmund or Kurtzer, for example, in a small diameter device. 
Previously, it was thought that the loss in image size ■ and 
resolution for small : diameter devices would compromise the 
diagnostic value of small diameter systems. There is also no 
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teaching in the references using a cannula with a small diameter 
disposable device . There is also no disclosure regarding the use 
of an illumination channel in a cannula (see claim 68) . 
Applicants submit that j it would not be obvious to combine the 
recited features in a jsmall diameter orthopedic imaging device. 
Reconsideration is respectfully requested. 

The Examiner is ^encouraged to telephone the undersigned 
attorney to discuss any matter that would expedite allowance of 

the present application; 

i 

] Respectfully submitted, 

REMIJAN ET AL. 

by: 

ThoiSas Q\ Hoover 
Registration No. 
Attorney for Applicant (s) 
WEINGARTEN, SCHURGIN, 

GAGNEBIN & LEBOV1CI LLP = 
| Ten Post Office Square 

I Boston, MA 02109 

Telephone: (617) 542-2290 
| Telecopier: (617) 451-0313 ' 

TQH/trb ; 
359356.1 \ 
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[57] ABSTRACT 

A stereoscopic objective lens system for video endo- 
scopes and borescopes includes two full-diameter dou- 
blets and a double set of two half-diameter identical 
doublets. The full-diameter doublets collimate object 
points, imaging object points to infinity. The large colli- 
mator doublets present equal-angle pairs from symmet- 
rically disposed object points to the small stereo doublet 
pairs. This equal-angle property enables accurate ob- 
ject/image mapping onto the final stereo image pair, 
such that all parts of each left/right image can be 
mapped to within a fraction of a video pixel to each 
other. 

9 Claims, 3 Drawing Sheets 
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' l 5,^2,650 

j ; j : 2 

!• ■ U.S. Pat, No. 4,651,201 discloses a stereoscopic video 
STEREO VIDEO ENDOSCOPE OBJECTIVE LENS I ■ endoscope including two image guides and an illumina- 
SYSTEM I : ! tion light guide. The image guides are optically coupled 

;| to a stereoscopic viewer for three dimensional viewing. 
BACKGROUND OF THE INVENTION \' : 5 The viewer includes couplings for attaching miniature 

] . . . ; : video cameras that can be connected to a head-mounted 

This invention relates generally toj optical lens sys- ; : ; slereosco ic video display . 
tons, and, more particularly, relates; to stereoscopic; : • y g pat No 4(862| 873 discloses a stereo endoscope 
objective lens designs adapted for use In stereo video*. having two light guides f 0 rcarrying images of an object 
endoscopes. I ;: 10 lo an electro-optical imaging assembly. A lens system 

Medical endoscopes are widely utflifeed to view inter- ; . . directs light from the obj^t to the objecrive end of the 
nal regions of the human body duringjdiagnostic, surgws « hf IHuminating light is transmitted to the 

cal f and other medical procedures. Endoscopes typi-;; : ob j ect from %hf} oppos i te ^ Q f one light guide, thereby 
cally include a long, thin, rigid or Semi-rigid optical; ; : ju um j nat j n g th e object Simultaneously, the image 
cylinder affixed to a viewing mecharrjsm. The cylinder : 15 irM18m ftied through the other optical guide is con- 
is sufficiently narrow to be inserted] through a small j ' ducted to the imaging assembly, 
opening in the body, which may be nptujal or surgical;! ^ s p at ^jo. 4,873,572 discloses a stereo endoscope 
When the endoscope is inserted and positioned for use;j j facing a CCD camera module and two image : forming 
an image of the object being viewe$ is formed at aii; leng system& that form two object images. The object 
inserted end of the endoscope by an objective lens, Thej 20 are integrated and directed to the CCD camera 

image passes through a series of rela^ lenses down thej . tQ prov j de Q stereoscopic output. The lens systems in- 
cylinder to an eye lens or video camera at a viewing end; : c j ude red green, and blue color filters disposed at the 
of the endoscope. j t ; camera imaging surface. 

In recent years, researchers have j attempted to im- ; u.S. Pat. No. 4,895,431 discloses an endoscope appa- 
prove the imaging available through endoscopic de^ 25 rams that generates a three-dimensional image of an 
vices by developing stereoscopic Video endoscopes;.: object from overlapping images recorded by a camera. 
These endoscopes present an apparently three-dimen^ ^hz endoscope includes an insertion module and a mov- 
sional image on a video monitor The Stereoscopic effect . aD j e end section capable of being deflected through an 
is created by producing two optical images— a left angle. A first image is recorded with the end section 
image and a right image— through the endoscope. Thj? 30 positioned at a first angle. A second image, partially 
left and right optical images are presented by the endo- overlapping the first image, is recorded after moving 
scope to left and right image sensors, which may be the end section to a second angle. The relative position 
charge-coupled device (CCD) cameras or other image 0 f t he movable end sec don is detected by an encoder 
sensing devices. The sensing device^ convert the left lnat generates position signals for input to a micro- 
and right optical images into left and right video images 35 processor, which utilizes the position signals to generate 
which are then presented as alternating left-right images a three-dimensional image of the object, 
on a monitor, at a switching rate higher than the flicker!- European Patent No. 21 1,783 discloses a stereo video 
sensing limit of the human eye, so th^t observed images endoscope in which two light pipes deliver two images 
appear flicker-free. j |! of the same object. These images are presented by a 

The images are alternately switched from a left-hand 4 p binocular device to the user's eyes to show a thTee 
polarization mode to a right-hand polarization mode, dimensional image of the target. The apparatus includes 
such that, for example, the left image has a left-han|fl, two television cameras and video recorders for record - 
polarization and the right image has £ right-hand pola*- , i n g the images. The recorded images can be displayed 
ization. In accord with this example, the observer wears on separate screens and viewed by a binocular viewing 
polarized glasses in which the left lens has the lefwhan^ 4.5 system. 

polarization and the right lens has thje right-hand polar- Most conventional stereo endoscopes, however, 
ization. Thus, the left eye sees only images from the Ujft share a numbeT of deficiencies associated with . their 
channel of the endoscope system and the right eye sets objective lens systems. These problems include a bulky 
only images from the right channel,jresulting in stereo- and unwieldy configuration; high cost and complexity 
scopic viewing. j j: 50 of fabricating the objective lens system; and the medio- 

The following U.S. and foreign patents disclose ex- ere optical performance afforded by conventional ob- 
amples of stereo endoscopes, somt of which utilize jective lens systems. 

video imaging and display elements} An additional problem associated with conventional 

U.S. Pat. No. 4,061,135 | \\ stereo video endoscope objectives involves the require- 

U.S. Pat. No. 4,615,332 | ■ 35 ment that all portions of each left/right image be 

U.S. Pat. No. 4,651,201 , mapped to within a fraction of a video pixel to each 

U.S. Pat. No- 4,862,873 * ;! . ! other. This pixel mapping condition is a significant opti- 

U.S, Pat. No. 4,873,572 ! cal design constraint, because the object-to-image ray 

U.S. Pat. No. 4,895,431 \\ '■ paths through the lens system are quite different for the 

EP 211,783 j !: 60 left and right image points associated with a common 

In particular, U.S. Pat, No. 4,061-135 discloses a bin- object point, 
ocular endoscope in which images are transmitted from Accordingly, it is a general object of the present 
the viewed object to the viewing] station through an invention to provide improved stereo endoscope objec- 
optical system utilizing a dove prikm and mechanical tive lens systems that overcome the problems associated 
linkage to compensate for rotation jsffects. 65 with conventional designs. 

U S Pat. No. 4,615,332 discloses a binocular endo- A more specific object is to provide an improved 
scope having flexible light guides^ and binocular ey^e- stereo endoscope objective lens system having optical 
pie^ \ elements that facilitate assembly of the system. 

i 

J i. 
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It is another object of the invention to provide an 
improved stereo endoscope objective lens system hav- 
ing elements that are substantially Isss expensive to 
manufacture than the elements of conventional systems. 

A further object is to provide an improved stereo 
endoscope objective lens system having optical perfor 
mance characteristics that are substar tially superior to 
the performance characteristics of conventional sys 
terns. 

Another object of the invention is to provide a stereo; 
objective lens system affording a pixe 1 mapped image, j 

The above and other objects and advantages of this 
invention will become more readily a sparent when the 
following description is read in conjunction with the 
accompanying drawings. 

SUMMARY OF THE INVfeNTION 

The foregoing objects are attained by the invention^ 
which provides an improved stereo endoscope objecf 20 
rive lens system for video imaging jin medical endoj 
scopes and industrial borescopes 

One aspect of the invention includes two full-diame^ 
ter doublets and a double set of i wo half-diameter iden' 



tageous because these small lenses aye inherently diffi- 
cult to manufacture. t 
In another aspect of the invention, the large collimai- 
tor doublets present equal-angle pai s from symmetry 
cally disposed object points to the sr iall stereo double! 40 
pairs. This equal -angle solution pro' ndes accurate ob- . 
ject/image mapping onto the Final stereo image pair. In 
this design, the larger, and hence easier to fabricate:, 

buijden, 



without departing from the spirit or 1 cope of the claimk. 
BRIEF DESCRIPTION OF TH E DRAWINGS I 



For a fuller understanding of the nature and objects 5J 
or the invention, reference should X e made to the fol- 
lowing detailed description and the accompanying 
drawings, in which: 

FIG. 1 is a schematic diagram depicting a stereo 
video endoscope utilizing an objective lens system con- 
structed in accordance with the inv ;ntion; 

FIG. 2 is an optical schematic diagram depicting an 
objective lens system constructed ii accordance with 
the invention, showing light rays transmitted through 
the system; and 

FIG. 3 is an optical schematic diagram depicting t|ie 
objective lens system of FIG. 2 irj combination with 
relay lenses for transmitting the optical images. 



5,122,650 



DESCRIPTION OF ILLUSTRATED 
EMBODIMENTS 
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FIG. 1 depicts the invention, an endoscope objective 
system 100, utilized in a stereo video endoscopy system 
I for generating stereoscopic images of an object 12. 
The system 1 includes a stereoscopic endoscope 10 
containing objective system 100; sensing modules 152, 
154; switching module 156; and a monitor 158. In addi- 
tion to objective lens system 100, the endoscope 10 
includes conventional relay lenses or optical fibers 150 
for transmitting light collected by the endoscope objec- 
tive system 100 to light sensing modules 152, 154. 

The endoscope objective system 100 generates left 
and right optical images of the object 12 that are pro- 
cessed by sensing elements 152, 154 and video switching 
module 156 in a known manner to display an apparently 
three-dimensional image of the object 12 on video moni- 
tor 158. 

The stereoscopic effect is created by producing two 
optical images— a left image and a right image — 
through the endoscope objective system 100. The left 
and right optical images generated by the objective 
system 100 are presented by the relay lens or optical 



tical doublets. The full-diameier doublets substantial^ 25 fiber system 150 to left and right image sensors 152, 154, 

collimate object points, i.e.. image them substantially t<p . « 

Accord with this aspect of thejvention, most of &5S£Z^£tt 

the optical power necessary to acconi plish this colling . ^ *^ ^ ]cn ^ Qr optica) fib€rs 15Q imo 

tion is provided by in the first or outer doublet, while electrical signa]s representative of the left and right 

the second collimator doublet is of 1 d>w power • opticaJ jmflges Qf ^ object u 

In a further aspect of the mvenuoij. the smaller douj T Conventional video switching circuitry 156 transmits 

blets are identical, so that they can t>e most economic ^ ^^0^ sjgnajs representative of left and right 

cally fabricated in production quantities. This is advari- 35 v^eo images as alternating left-right images on the 



monitor 158. In accord with known video practice, 
these alternating images are presented at a switching 
rate higher than the flicker-sensing limit of the human 
eye, so that observed images appear flicker-free. 

Moreover, the images can be alternately switched 
from a left-hand polarization mode to a right-hand po- 
larization mode, such that, for example, the left image 
has a left-hand polarization and the right image has a 
right-hand polarization. The observer wears polarized 



doublets carry the corrective buijden, so that the v . . 

smaller, more difficult to manufacture lenses can be 45 glasses in which the left lens has the left-hand polviza- 

made as simple as possible. I' tion and the right lens has the nght-hand PO^nzation 

The invention will next be described in connectic-W Thus, when the observer views the monitor 15* \%ht : left 

with certain illustrated embodiments; however, it W "« only .mages from - fl« >*^d£<^^ 

modifications, additions and subtractions can be madfe video switching and display equipment of this type is 

commercially available from Stereographies, Inc. of 
San Rafael, Calif.; and from Tektronix Corp., of Bea* 



venon, Oreg. 

The accuracy and quality of the image displayed on 
monitor 158 is controlled by the performance of the 
endoscope objective system 100, which is the subject of 
the present invention. FIGS. 2 and 3 depict an objective 
lens system 100 constructed in accordance with the 
60 invention, showing light rays transmitted through the 
system. FIGS. 2 and 3 depict the same system, with two 
elements being omitted from FIG. 3 for purposes of 
clarity. 

As indicated in FIG. 2, one embodiment of the objec- 
65 tive system 100 includes two full-diameter doublets 110, 
112 and a double set of two half-diameter identical 
doublets 114, 116, 116, 120. The full-diameter doublets 
collimate object points, i.e., image them to infinity. In 
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accordance with the invention, most of the optical {. 
power required to accomplish this collimation is pro-;! 
vided by the First collimator doublet JlO closest to the;; 
object 12, while the second collimatot doublet 112 can|; 
have a very low optical power. j ji 
Those skilled in the art will appreciate that the lenscsj! 
of the objective system 100 depicted in FIG. 2 define ajj 
sequence of sixteen optical surfaces. A working exam-; 
pie of a set of lenses for objective system 100 is set forth; 
below in Table A. j ™ 
TABLE A j 



SURFACE 


RADIUS 


THICK- 
NESS 


APERTURE 


GLASS 


1 




-4.00260B 


(u&ooo 


ATR 


2 


6311675 


2.500000 


3-OCfoOOO 


SK5 j. 


3 


4462623 


1.500000 


3.0Q0OO0 


SF8 i: 


4 


51596342 


0.400000 




AIR ; 


5 


-11.075366 


1. 600000 




SK5 : 


6 


-3.318618 


K5 00000 




SF8 j: 


7 


-31.B96589 


-JJZ00000 




AIR j, 


B 




1.900000 


a464074 


AIR 


9 


1747539 


1.600000 


1.500000 


SSKNS |. 


10 


-3.153676 


0.700000 


1-500000 


SF1 


11 


4815753 


0.250000 


1.500000 


air ; 


12 


2.747539 


1.600000 


1.5QOOO0 


SFI 


13 


-3.133676 


0.700000 


IJOOOOO 


SSKN8 


14 


4.815753 


0.400000 


1.500000 


AIR !: 


15 




0.001000 


1:400000 


BK7 j. 


lb 






1.400000 


AIR !• 



15 



20 



25 
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In Table A, the numerical value & the "RADIUS? 
and ^THICKNESS 1 " columns are set forth in millimer 30 
ters. The "GLASS" descriptions fiu^ standard opticsj) 
glass characterizations as found in the product catalog 
of the Schott Glass Company of the! Federal Republic 
of Germany. The -THICKNESS" column refers to ttte 
distance to the next optical surface!. For example, ijv 35 
connection with surface 3, the number 1.5000 signifies 
1.5 millimeters to surface 4. The column l4 RADJUSj' 
refers to the radii of curvature of thej respective curved 
surfaces. In this working example; ithe lens diameters 
are 6 millimeters for the large doublets and 3 millimeters 40 
for the small doublets. The overall object-to-imagje 
distance is 2B.3 millimeters. The image diameter is 2ij5 
millimeters. j ji 

The system 100 is designed so that all parts of each 
left/right image are mapped to within a selected djk- 45 
tance of each other such that stereoscopic image quality 
is maintained. For video applications, this selected dis- 
tance is typically a fraction of a video pixel. This isjia 
— condition to satisfy, because the object-tt>- 



A further advantage is provided in that the smaller 
doublets 1I4 T 116, 118, and 120 are identical, so that 
they can be most economically fabricated in production 
quantities. This characteristic tends to offsei the inher- 
ent difficulty of manufacturing small lenses. The larger, 
and hence easier to fabricate, doublets carry the correc- 
tive burden, so that the smaller, more difficult to manu- 
facture lenses can be as simple as possible. 

As indicated in FIG. 1, the endoscope objective sys- 
tem 100 can be utilized in connection with optical fiber 
elements or a set of relay lenses 150 to conduct light 
from the objective system to the sensing elements 152, 
154. An example of a relay lens system 150 that can be 
employed with the objective system 100 is depicted in 
FIG. 3. 

The relay lens system of FIG. 3 includes a plurality of 
rod relays 160. 162, 164 utilized in combination with 
objective system 100. Those skilled in the art will recog- 
nize that a wide range of relay lens systems can be em- 
ployed with an objective system constructed in accor- 
dance with the invention. 

Alternatively, an endoscope constructed in accor- 
dance with the invention can employ a conventional 
CCD array mounted within the same housing as the 
objective system. As indicated in FIG. 2, the CCD 
array can include left and right sensing elements 152, 
154, disposed to receive the optical images generated at 
the output of doublets 118 and 120. The design- and 
construction of CCD elements having more than one 
photosensitive region in a monolithic package is well 
known in the art. The electrical signals generated by the 
CCD array can be conducted from the housing by a 
conventional conduit. This cbnfiguralion eliminates the 
requirement for a relay lens system or optical fibers. 

The system 100 depicted in FIGS* 2 and 3 offers 
advantages for use in medical endoscopes and industrial 
borescopes. The configuration offers the advantage of 
being adaptable to fit into a small tube diameter, as small 
as 3 millimeters. The design also affords high resolution 
and low distortion for diagnostic and surgical use, and 
for high-accuracy industrial measurement applications. 

It will thus be seen that the invention efficiently at- 
tains the objects set forth above, among those made 
apparent from the preceding description. 

It will be understood that charges may be made in the 
above construction and in the foregoing sequences of 
operation without departing from the tcope of the in- 
vention. It is accordingly intended that all matter con- 



eat for feleft and right image points of a common Paying drawings be interpreted as in„strat,ve rather 

* - - — ' than in a limiting sense. 

It is also to be understood that the following claims 
are intended to cover all of the generic and specific 
55 features of the invention as described herein, and all 
statements of the scope of the invention which, as a 



object point. FIG. 2 clearly illustrates this path differ- 
ence. The ray paths shown in FIG. 3 demonstrate how 
differently an object point is imagejd through the letis 
elements for the left and right images. 

The objective system 100 depicted in FIG. 2 is able b 
map all parts of each left/right imafee to within a frac- 
tion of a video pixel to each othei, because the lai£e 
collimator doublets present equal-angle pairs from sym- 
metrically disposed object points to the small stereo 60 
doublet pairs. 
This exact equal-angle solution results in an accurate 



matter of language, might be said to fall therebetween. 

Having described the invention, what is claimed as 
new and secured by Letters Patent is: 

1. A stereoscopic objective lens system for a stereo 
video endoscope, the objective lens system converting 
optical images of an object generated at an objective 
end of the objective system to pi*el-mapped left and 
right optical images at an image plane end of the objec- 



object/image mapping onto the final stereo image pair. 

Accuracy is also enhanced by the combination of a first . „ r . „ ^ . 

high power collimator doublet HOiand a second, lower 65 tive system, the objective lens system composing 
power collimator doublet 112. This second doublet 112 A. a first collimator doublet lens element proximate 
strongly influences the optical solution to the image- the objective end for collecting light from points 

mapping problem. } !; on the object, said first doublet lens having a first 
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selected 



8 



diameter and a selected: 



optical axis, a 

optical power, i i 

B. a second collimator doublet lens for collecting;; 
light from said first collimator doublet lens, |; 
said second collimator doublet lens being situated]- ; 

adjacent said first collimator doublet lens j' 
so that the optical axis of said sjecond collimator 
doublet lens is substantially cjollinear with the 
optical axis of the first collimator doublet lens, i 
said second collimator doublet lens having a sej: 
lected diameter and a selected! optical power, j- 
wherein said first and second collimator doublet; 
lenses cooperate to image the 'object points sub; 
stantially to infinity so thai light transmitted by! 
the second collimator doubletjlens from the obr 
ject points is substantially colfiraated, 'I 
C. a first right/left pair of stereo doublet lenses j; 
situated adjacent said second collimator double^ 
lens for collecting light from j said second coll* 20 
mat or doublet lens, j ;, 

said first right/left pair of steijeo doublet )ense> 
including j 
a first right doublet lens and l j| 
a first left doublet lens, ! b 
the optical axis of said first right doublet lens and 
the optical axis of said first left doublet lerjs 



10 



15 



25 



being substantially parallel 



to the optical axis 



40 



45 



of the second collimator doublet lens, 
wherein said first and second jcollimator doublet 30 
lenses and said first right/pefl pair of stereo 
doublet lenses cooperate sp that the first arid 
second collimator doublet . lenses present 
equal-angle light ray pairs from symmetrically 
disposed object points tojthe first right/left 35 
pair of stereo doublet lenses, and j* 
D. a second right/left pair of steijeo doublet lenses; 
said second pair of stereo doublet lenses being situ- 
ated adjacent said first rightj/left pair of stereo 
objective system \ i! 

so that the optical axis of saiji second right dou- 
blet lens is substantially Jcollinear with the 
optical axis of said first right doublet lens and 
the optical axis of said second left doublet lens; is 
substantially collinear witji the optical axisjpf 
said first left doublet lens,! J 
said second right doublet lens collecting light 
from said first right doublet lens to generate a 
right image at the image jjuane, jl 
said second left doublet lens collecting light from 
said first left doublet lens to generate a left imajge 
at the image plane, such thaf corresponding por- 
tion* of each left/right imjage are mapped j! to 
within a selected distance of each other. u 

2. A lens system according to crlaim 1 wherein the 
diameter of said second collimator doublet lens is ap- 
proximately equal to the diameter [of said first collima- 
tor doublet lens. ! ; ! . 

3. A lens system according to claim 2, wherein s>id 60 
first right doublet lens, said first left doublet lens, said 
second right doublet lens, and said second left doublet 
lens are substantially identical. i . • 

4. A lens system according to plaim 3 wherein :the 
diameter of said first right doublet lens, said first :left 65 
doublet lens, said second right doublet lens, and said 
second left doublet lens are approximately one-half the 
diameter of said first collimator dpublet lens. 



5. A lens system according to claim 4 wherein said 
first collimator doublei lens has a higher optical power 
than said second collimator doublet lens. 

6. Stereoscopic video endoscope apparatus for dis- 
playing stereoscopic video images or an object, the 
apparatus comprising 

A. a stereoscopic objective lens system, 

the objective lens system converting optical images 
of the object generated at an objective end of the 
objective system to pixel-mapped left and right 
optical images at an image plane end of the ob- 
jective system, the objective lens system includ- 
ing . . 

(i) a first collimator doublet lens element proximate 
the objective end for collecting light from points 
on the object, . 
said first doublet lens having a first optical axis, a 

selected diameter and a selected optical 
power, 

(ii) a second collimator doublet lens for collecting 
light from said first collimator doublet lens, 
said second collimator doublet lens being situ- 
ated adjacent said first collimator doublet lens 
so that the optical axis of said second collima- 
tor doublet lens is substantially collinear with 
the optical axis of the first collimator doublet 
lens, 

said second collimator doublet lens having a se- 
lected diameter and a selected optical power, 
wherein said first and second collimator doublet 
lenses cooperate to Image the object points 
substantially to infinity so that light transmit- 
ted by the second collimator doublet lens from 
the object points is substantially collimated, 
(iii) a first right/left pair of stereo doublet lenses 
situated adjacent said second collimator doublet 
lens for collecting light from said second colli- 
mator doublet lens, said first right/left pair of 
stereo doublet lenses including 
a first right doublet lens and 
a first left doublet lens, 

the optical axis of said first right doublet lens and 
the optical axis of said first left doublet lens 
being substantially parallel to the optical axis 
of the second collimator doublet lens, 
wherein said first and second collimator doublet 
lenses and said first right/left pair of stereo 
doublet lenses cooperate so that the first and 
second collimator doublet lenses present 
equal-angle light ray pairs from symmetrically 
disposed object points to the first right/left 
pair of stereo doublet lenses, and 
(iv) a second right/left pair of stereo doublet 
lenses, said second pair of stereo doublet lenses 
being situated adjacent said first right/left pair of 
stereo doublet lenses and proximate the image 
plane end of the objective system 
so that the optical axis of said second right dou- 
blet lens is substantially collinear with the 
optical axis of said first right doublet lens and 
the optical axis of said second left doublet lens is 
substantially collinear with the optical axis of 
said first left doublet lens, 
said second right doublet lens collecting light 
from said first right doublet lens to generate a 
right image at the image plane, 
said second left doublet lens collecting light from 
said first left doublet lens to generate a left 
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image at the image plane, iuch thai corre- 
sponding portions of each left/right image are ji 
mapped to within a selected jdistance of each: 

other, and i 

, me 



B right and left optical sensing irieans, situated at;; S 
right and left regions of the image plane, respec-j ; 
lively, for convening said righti.and left optical!;, 
images to electrical signals representative of right;; 
and left video signals in response] to said nght andi ; 
left optical images, respectively. • • J 

7 Apparatus according to claim 6, further comprising, 
video monitor means, in electrical communication with, 
said first and second optical sensing means, for dupjayt. 
ing right and left video images in response to said elec*. 



trical signals generated by the first and second optical 

S T Apparatus according to claim 6 wherein said right 
and left optical sensing means include at least on CCD 

element. , 
9. Apparatus according to claim 8 wherein 
said objective lens system is contained within a hous- 

said at tout one CCD element is disposed within said 
housing in proximity to said objective lens system 
so that optical images generated by said objective 
lens system are transmitted to said at least one 
CCD element. 

* * * + * 
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